To investigate the influence of occlusal support and the presence and position of mandibular third molars on the incidence of mandibular condylar fractures. Records of 222 patients who presented with mandibular fracture at the Department of Oral and Maxillofacial Surgery, Kagawa Prefectural Central Hospital, from 2006 to 2019 were retrospectively analyzed. The following variables were investigated: age, sex, cause of fracture, the presence and state (impaction and angulation) of mandibular third molars, the site of mandibular fracture, and the presence of occlusal support for molars. Various risk factors for mandibular condylar head and subcondylar fractures were investigated. The majority of fractures were caused by a fall. The risk of mandibular subcondylar fractures was significantly higher in patients with occlusal support and mandibular third molars. The risk of mandibular condylar head fractures was significantly higher in patients without occlusal support or mandibular third molars. The position and angulation of mandibular third molars did not show significant difference between occurrences of head or subcondylar fractures. This study demonstrated that occlusal support and the presence of mandibular third molars significantly increased the risk of subcondylar fractures. One the contrary, their absence increased the risk of condylar head fractures.
Introduction
The mandible is the largest and hardest bone in the facial skeleton; however, it is very frequently fractured because of its prominent and exposed location. Mandibular fractures are associated with many local factors such as force profile direction, biomechanical properties of the mandible, and location of the injury 1) . Furthermore, the prevalence of mandibular fractures is influenced by other factors such as age, sex, and socioeconomic status 2) . The prevalence of mandibular fractures among facial fractures is high, and mandibular condyles and mandibular angles are the common sites of fracture 3) .
Previous reports showed that mandibular third molars are one of the causes of mandibular condylar and angle fractures. Many studies have demonstrated that the presence of mandibular third molars increases the risk of mandibular fractures and decreases the risk of condylar fractures [4] [5] [6] [7] [8] [9] [10] . However, previous clinical studies show that mandibular condylar fractures are considered synonymous with mandibular condylar neck fractures and head fractures [5] [6] [7] [8] [9] [10] . These studies are not a formal assessment of the causative factors, and thus, the relationship between the risk of fractures and the presence of mandibular third molars remain unknown. Furthermore, these studies have not examined the relationship between occlusal support or residual teeth and mandibular condylar fracture risk.
Therefore, the purpose of this study was to determine the influence of occlusal support, residual teeth, and the presence and status of mandibular third molars on the incidence and mode of mandibular condylar fractures.
Materials and Methods

Study design and samples
A retrospective cohort study design was used, and the sample cohort was composed of patients at least 16 years old who presented for evaluation and management of mandibular fracture to Department of Oral and Maxillofacial Surgery, Kagawa Prefectural Central Hospital, Kagawa, Japan, from April 2006 to March 2019.
Traumatic patients with maxillofacial trauma consisting of isolated or concomitant condylar fractures were included. All patients provided written informed consent to participate in the study. Exclusion criteria included midfacial fractures (including panfacial fractures), patients younger than 16 years, patients with bilateral mandibular condylar fractures, and patients with incomplete medical records or repetitive information. In total, 222 eligible patients were enrolled during the study period. Ethical considerations were applied throughout the study, and patient names and medical information were maintained completely confidential. 
Outcome variables
The primary outcome variable was the incidence of mandibular condylar fractures. Condylar fractures were further classified into condylar head, neck, and base fractures in accordance with "The Comprehensive AOCMF Classification System" 11) . A condylar head fracture was defined as a fracture when the fracture line involved the area above the condylar head reference line. A condylar neck fracture was indicated when more than a third of the fracture line lied above the sigmoid notch line and remained below the condylar head reference line. A condylar base fracture was defined as a fracture when more than two-thirds of the fracture line ran below the sigmoid notch line 11) . For analysis, mandibular condylar neck and base fractures were defined as subcondylar fracture. In other words, subcondylar area was the area below the condylar head.
Predictor variables
The following predictable variables were investigated: age, sex, cause of injuries, the presence and status of the mandibular third molars, the site of the mandibular fracture, the presence of maxillary and mandibular molars, and the height of the mandible.
Panoramic radiographs were used to determine the presence or absence and the position of the mandibular third molar at the time of fracture. When the mandibular third molar was present, it was classified using the Winter's classification on the basis of angulation type 12) , and using the Pell-Gregory classification on the basis of vertical impaction depth 13) .
The height of the mandible was measured three times each by two investigators. The measurement was the distance from the mandibular lower border to the mesiodistal midpoints of the first, second, and third molars on panoramic radiographs. The average value of six measurements (two measurements each by three investigators) was used for analysis.
Data sampling
All clinical records were examined by the same two investigators who made the measurements. This study was approved by the Ethics Committee of Kagawa Prefectural Central Hospital (Approval No. 849).
Statistical analysis
The database was constructed and analyzed using JMP version 11.2 for Macintosh computers (SAS Institute Inc., Cary, NC, USA). Variables were tested by non-parametric Mann-Whitney U-test for ordinal variables and Fisher's exact test or the Chi-square test for categorical variables to compare each group. P values <0.05 were considered statistically significant.
Results
In total, there were 222 patients with an average age of 51.7 ± 25.1 (range, 16-99) years [26 males (56.8%) and 96 females (43.2%)]. Among the patients with mandibular condylar fractures, 120 patients had mandibular condylar head fractures and 120 had subcondylar fractures (63 with mandibular condylar neck fractures and 39 with mandibular condylar base fractures). For the 222 fractures examined in this study, the most frequent etiology was fall (135 cases, 60.8%), followed 24.3 years, p = 0.0072). The median age of patients with mandibular condylar head fractures and with subcondylar fractures was 63.0 and 40.5 years, respectively. The age of patients with mandibular condylar head fractures showed a gradually increasing age distribution from the 50s. The age of patients with mandibular condylar neck fractures showed a biphasic age distribution below 30s and above 60s. Conversely, mandibular condylar base fractures frequently occurred in relatively young patients. Patients with condylar base fractures were significantly younger (39.2 ± 21.6 years) than those with condylar neck fractures (51.6 ± 24.9 years, p = 0.012) ( Table 2 ). The risk of condylar head fracture was significantly higher than subcondylar fracture in patients with maxillary first molar (p = 0.003), maxillary second molar (p = 0.003), and mandibular second molar (p = 0.004). The risk of mandibular subcondylar fractures was significantly higher than that of head fractures due to the presence of mandibular third molar (p = 0.0039). In patients with mandibular subcondylar fractures, the most common classification of the third mandibular molar was class II (18 teeth; 38.3%), class B (22teeth; 46.8%), and mesioangular (24 teeth; 52.2%). In patients with mandibular condylar head fractures, the most common classification was class II (14 teeth; 41.2%), class B (17 teeth; 50.0%), and mesial (13 teeth; 38.2%). However, there were no significant differences in the position and angulation of third molars between patients with mandibular condylar head fractures and those with mandibular subcondylar fractures. The height of the mandible was significantly different between the two groups ( Table 3) .
Regarding the comparison of the condylar neck and condylar base in patients with subcondylar fractures, the risk of condylar base fracture was significantly higher than that of condylar neck fracture in patients with maxillary first (p = 0.017) and second molars (p = 0.031). No other significant differences were noted between the two groups ( Table 4 ).
Discussion
The mandible is susceptible to external forces, and mandibular condyles are the most frequent fracture sites. The most common cause of mandibular fractures is traffic accidents, followed by violence 14) . On the contrary, tumbling and falls are the main causes of articular process fractures 15) . Data from the current study are consistent with this previous work. In the event of a fall injury, the patient often exerts the symphyseal and parasymphyseal regions. Mandibular fractures result from direct load application to the impacted area or induced stress in specific areas. Mandible geometry and structural bone variations contribute to the concentration of stresses from traumatic loads on the symphyseal and parasymphyseal areas, which are subsequently distributed to the mandibular subcondylar and nearby regions 16) . Traumatic forces from falls applied to the mandibular symphyseal and parasymphyseal regions cause indirect fractures of the mandibular condyle with or without fractures in other mandibular areas.
Several clinical studies have shown that loss of the mandibular third molars greatly increases the risk of mandibular condylar fractures compared to mandibular angle fractures [4] [5] [6] [7] [8] [9] [10] . These studies suggest that mandibular angles without a third molar increase bone quantity and resistance to angle fractures 5, 6) . Consequently, when mandibular third molars are absent, probably most of the force is transmitted to the condylar area. Therefore, a missing mandibular third molar increases the incidence of fractures associated with the mandibular condylar area. However, no studies have investigated the relationship between the presence of mandibular third molar and risk of mandibular condylar head or subcondylar fracture. This investigation revealed that mandibular third molar defects cause mandibular condylar head fractures more so than mandibular subcondylar fractures. This result is very interesting, as previous studies have shown that the risk of mandibular condylar fractures is high because of the absence of mandibular third molars [4] [5] [6] [7] [8] [9] [10] . On the contrary, a comparison of mandibular condylar head and neck fractures demonstrates that a loss of the mandibular third molar increases the risk of mandibular condylar head fractures. Santos et al. 16) used finite element analysis using the tooth defect model to demonstrate that traumatic loads applied at the symphyseal and parasymphyseal regions generated higher stress levels in the mandibular condylar head. These data suggest that the external force is concentrated on the mandibular head directly in the lower third molar case. In the present study, the risk of mandibular condylar head fracture was significantly higher in patients without mandibular third molars. Meanwhile, no significant correlation between mandibular condylar head and subcondylar fractures and the position of the mandibular third molar was observed in this study. This study is an important report on the relationship of the mandibular third molar with the risk of mandibular condylar fractures. This study also clarified that a defect in the maxillary first or the second molar and mandibular second molar increases the risk of mandibular condylar fracture. The molars play an important role in occlusal support. Very few studies have investigated arthroplasty fractures 17, 18) . Marker et al. 18) found that the lack of occlusal support causes condylar head fractures. Meanwhile, Lindah 17) reported that all kinds of condylar fractures occur regardless of the position of the most distal occlusal contact. This study shows that the absence of occlusal support significantly increases the risk of mandibular condylar head fractures. In addition, in the present study, the effect of mandibular height in molar areas was not associated with differences in the incidence of neck and head fractures. Alternatively, there was no influence of the mandibular form resulting from the missing molar, and the influence on the fracture was suggested to be due to occlusion. Therefore, the loss of occlusal support is an important factor determining the risk of mandibular condylar head fracture. Furthermore, while comparing condylar neck and condylar base in subcondylar fractures, the loss of occlusal support was associated with a risk of condylar neck fracture. Considering that the previously mentioned loss of occlusal support is associated with a risk of condylar head fracture compared with subcondylar area fracture, it has been suggested that occlusal support defects are likely to cause mandibular condylar fractures at high positions.
Zhou et al. studied the incidence of mandibular condylar fractures by age 19) . They showed that although the incidence of mandibular condylar neck fractures decreases significantly with age, the incidence of mandibular condylar head fractures was relatively high in older patients. Among patients with mandibular condylar head fractures, the proportion of old people is the highest. Whether the mandible fracture pattern is associated with demographic factors such as age and sex remains controversial; nonetheless, missing occlusal support and mandibular third molars is fairly common in old people 20) . Therefore, residual molars, occlusal support, age, sex, and presence of mandibular third molars may be potential confounding variables. In addition, this study did not investigate the morphology of the mandible the enrolled patients. With regard to mandibular condylar fractures, the morphology of the mandible was associated with fracture fracture 21) . Further studies on the relationship between occlusal support and the morphology possibly together with the boney quality of the mandible could be required to conclude these issues as discussed in the present study.
The findings of this study demonstrated the influence of occlusal support and the presence, state, and position of mandibular third molars on the incidence and the mode of mandibular condylar fractures. The risk of mandibular subcondylar fractures was significantly higher in patients with occlusal support or mandibular third molars. The risk of mandibular condylar head fractures was significantly higher in patients without occlusal support or mandibular third molars. There were no significant differences in terms of the position and angulation of the mandibular third molars between patients with mandibular condylar head and subcondylar fractures. The presence of occlusal support and mandibular third molars may be more important in affecting mandibular condylar head and subcondylar fractures than the position of the mandibular third molars. These data contribute to the prediction of mandibular condylar fractures in patients with mandibular fractures and are thus clinically relevant to the fields of oral and maxillofacial surgery.
